This is an impressive study that reveals DRN-projecting RGC s in mice and their roles in loomingevoked defensive response. The authors discovered that these RGC s project to SC and GABAergic neurons in the DRN, they are necessary for looming-evoked responses, and manipulating DRN activity can affect looming-evoked responses. These findings should be of great interests to many who study visual behaviors and those who study aversive and affective behaviors. Overall, the experiments are well designed and clearly presented. The data are of high quality and are extensive. I do not have any major issue with this manuscript, but an obvious missing piece is a characterization of these DRNprojecting RGC s. The authors showed that these cells were not stained by melano psin, C ART or SMI-32. But are they positive for any known markers? Are they On, Off or On -Off cells (the dendritic laminar patterns suggest they are On-Off)? What visual stimuli do they respond to? I am not asking the authors to provide a detailed functional study of these cells. Frankly, with such data, this study could be published in a journal with an even higher profile. But any functional data of these cells would make this paper even more impactful. Short of such data, maybe some speculation of how these cells could be mediating looming response would help.
1) The first concern I have is related to the narrative of the manuscript and especially the last section in which the authors try to make the point that DRN 5HT neurons somehow influence the amygdala to promote looming-evoked responses (Figure 6e , f). However the experimental evidence related to this section is rather weak. I think this section will deserve a full story and should be remove from the present version of the manuscript. Below, the authors will find my arguments why I think this section is absolutely not convincing and should be removed. During looming -evoked defensive responses, DRN 5 HT neurons are inhibited by DRN GABAergic neurons whereas amygdala neurons seem activated (Figure 6f ). How these two findings match together is rather unclear? Many possibilities could account for the modulation of amygdala neurons by DRN 5HT neurons, direct projections to the amygdala or alternatively projection to the SC . Another possibility will be a direct modula tion of avoidance centers in the dlPAG, which are known to receive direct inputs from DRN 5HT neurons. None of these possibilities are fully explored in the present version of the manuscript, which is mandatory if the authors want to follow up with the cur rent version of the manuscript. Alternatively, I suggest the authors to focus their paper on their convincing demonstration that DRN 5HT neurons mediate looming-evoked defensive responses.
2) A second aspect of the manuscript deserving a deeper investiga tion is the photometry section and particularly how behavior is modulated accordingly to calcium changes, something, which is not clear from the present version of the manuscript. For instance in figure 5 panel c -f, it is not clear what the mice are actually doing during the five trials, do they freeze, do they move, are they under the shelter? More particularly, how locomotion is correlated to changes in calcium imaging is missing. The authors should provide the behavioral data and variability for individu al animals for each of the 5 trials. Moreover, 3) I have an issue with the baseline calcium signal in fig 5 c bottom, in which there is a net increase in calcium signals just before the trial onset, which biased, the supposed inhibition observed later on . There is absolutely no quantification of these data, something that must be done in a revised version of the manuscript. On a related note, during ablation of DRN-projecting RGC , it is nor clear if this manipulation induces changes in the speed of the a nimals. There is a still a possibility that these animals are afraid by the looming stimulus but could note detect the shelter as a safe place? 4) In figure 5, panel d left, it seems there is a mistake with the scale of the top and bottom graphs. In the top graph, the signal is clearly oversaturated (at 20 on the scale for all 5 trials) after the trial onset but this is not reflected in the averaged bottom graph with an average around 10 after trial onset. This should be clarified and the scales verified. Also on the bottom graphs, the green area is supposed to represent time under the shelter but there is no variability: how does this relate to individual trials? 5) I have also some concerns related to figure 4, cfos experiment section. In this experime nt the authors clearly evaluate cfos expression in areas known to be involved in looming -evoked responses. Additional controls should be provided here. In particular it is not clear if the ablation of DRNprojecting RGC neurons reduces c-fos expression in structures not supposed to be involved in defensive reaction. Moreover, what about the dorsal PAG, which received direct 5HT, inputs emanating from the DRN and which is involved in fear avoidance behavior. Additional analyses are required here. 6) Quantification of morphological similarities between C TB labeled-DRN projecting cells and rabies labeled DRN projecting cells should be provided (eccentricity measure for instance).
7) It is not clear why optogenetic experiments where performed only for 5HT DR N neurons and not VGAT DRN neurons. These experiments should be provided as well to strengthen the overall impact of the manuscript.
Reviewer #3 (Remarks to the Author):
Huang et al. studied a projection from retinal ganglion cells to the dorsal raphe, which also project to superior colliculus. They showed that this projection is involved in behavioral responses to looming visual stimuli in mice, suggesting that it could be specialized for defensive behavior. This is an interesting study. Unfortunately, there are important control experiments missing, and it is difficult to evaluate certain conclusions.
Major comments:
1. The first control experiment missing is photometry from EYFP+ neurons to measure potential movement artifact.
2. The second control experiment missing is C NO injections in WT mice, to show that the chemogenetic effects are not due to drug itself.
3. There are many techniques used here, and there is insufficient methodological description to evaluate the data. For the photometry measurements, how was dF/F calculated? The viral injection sites look very small. How was this achieved with such large injection volumes (0.4 or 0.2 ul)?
Minor comments:
1. The color scales for the photometry measurements are misleading due to co lor transition nonlinearities. For example, red regions appear categorically different from yellow ones, although the quantitative differences between those colors may be small. Because the measure (dF/F) is a nonnegative number, I suggest changing the sca les to a single gradient (e.g., black to white).
2. The title is a bit misleading, as it suggests that the projection to the DR regulates looming -defense behavior. The authors did not distinguish this projection from the collaterals to SC .
Response to Referees Letter Reviewer #1 (Remarks to the Author):
This is an impressive study that reveals DRN-projecting RGCs in mice and their roles in looming-evoked defensive response. The authors discovered that these RGCs project to SC and GABAergic neurons in the DRN, they are necessary for looming-evoked responses, and manipulating DRN activity can affect looming-evoked responses. These findings should be of great interests to many who study visual behaviors and those who study aversive and affective behaviors. Overall, the experiments are well designed and clearly presented. The data are of high quality and are extensive. I do not have any major issue with this manuscript, but an obvious missing piece is a characterization of these DRN-projecting RGCs. The authors showed that these cells were not stained by melanopsin, CART or SMI-32. But are they positive for any known markers? Are they On, Off or On-Off cells (the dendritic laminar patterns suggest they are On-Off)? What visual stimuli do they respond to? I am not asking the authors to provide a detailed functional study of these cells. Frankly, with such data, this study could be published in a journal with an even higher profile.
But any functional data of these cells would make this paper even more impactful.
Short of such data, maybe some speculation of how these cells could be mediating looming response would help.
A: Reviewer #1 was very positive about our study and had only a single suggestion which was to provide characterization of the DRN-projecting RGCs. As the reviewer stated "I am not asking the authors to provide a detailed functional study of these A: Here the reviewer has asked for a more detailed description of the photometry data and the relationship between mouse behavior and the calcium imaging data presented.
In response to this request we have included the representative raw traces of GCaMP fluorescence changes to looming stimulation and an indication of the general behavior of the mice (exploring/fleeing or rapidly escaping/freezing) that was extracted from the video recordings (new Supplementary Fig. 6a,b) . We also added the analysis of correlation between speed and calcium signals which indicated that locomotion did not affect neuronal activity of DRN 5-HT or GABA neurons (new Supplementary Fig.   6c,d ). that the animals do not freeze which might be expected if they were unaware that a shelter existed. Moreover, data presented in new Fig. 3i shows that an analysis of another visually-evoked behavior, the optomotor response, was not altered by ablation of DRN-projecting RGCs. We are convinced that the animals are aware that there is a shelter but do not flee to the shelter because they are unaware of the looming stimulus. figure 5 , panel d left, it seems there is a mistake with the scale of the top and bottom graphs. In the top graph, the signal is clearly oversaturated (at 20 on the scale for all 5 trials) after the trial onset but this is not reflected in the averaged bottom graph with an average around 10 after trial onset. This should be clarified and the scales verified. Also on the bottom graphs, the green area is supposed to represent time under the shelter but there is no variability: how does this relate to individual trials?
4) In
A: We thank the reviewer for noticing this error and the scales in Fig. 5d have been corrected.
We agree that the green areas in Fig. 5 were not accurate. We removed the green areas in the new Fig. 5 and added the representative raw traces of GCaMP fluorescence changes to looming stimulation and an indication of the general behavior of the mice (exploring/fleeing or rapidly escaping/freezing) that was extracted from the video recordings (new Supplementary Fig. 6a,b) . Huang et al. studied a projection from retinal ganglion cells to the dorsal raphe, which also project to superior colliculus. They showed that this projection is involved in behavioral responses to looming visual stimuli in mice, suggesting that it could be specialized for defensive behavior. This is an interesting study. Unfortunately, there are important control experiments missing, and it is difficult to evaluate certain conclusions.
1. The first control experiment missing is photometry from EYFP+ neurons to measure potential movement artifact. Therefore, the volume of injected virus is not the determining factor in the size of the injections site (i.e., the number and distribution of 'starter' cells). This is quite different from standard tracer injections in which the volume of injected tracer and its ability to diffuse through the brain parenchyma does determine the size of the injection site.
1. The color scales for the photometry measurements are misleading due to color transition nonlinearities. For example, red regions appear categorically different from yellow ones, although the quantitative differences between those colors may be small.
Because the measure (dF/F) is a nonnegative number, I suggest changing the scales to a single gradient (e.g., black to white).
A: In the new Fig. 5 , the color scales for the photometry measurements were changed to blue to red, which has been used in our previous work 3 .
2. The title is a bit misleading, as it suggests that the projection to the DR regulates looming-defense behavior. The authors did not distinguish this projection from the collaterals to SC.
A: We are in agreement with the notion that the retinal input to the SC is responsible for activating the circuits that either initiate the escape behavior or freezing in response to looming stimuli. However, the same RGCs must alter DRN serotonergic activity for the behavioral responses to be expressed. Thus, the retinal projection to the DRN regulates the behavioral response but does not drive it. In response to the reviewer we have rearranged the wording of the title "A retinoraphe projection regulates serotonergic activity and looming-evoked defensive behavior". (Article File, page 1, line 1-3)
